ABSTRACT Background: Cataract is the leading cause of blindness worldwide. Body mass index (BMI; in kg/m 2 ) is a risk factor for cataract, but other anthropometric measurements may also be important. Objective: We tested relations of alternative measures of body size, including height and waist-to-hip ratio (WHR), as well as BMI, with cataract. Design: This was a prospective follow-up study. We analyzed data from 20271 participants in the Physicians' Health Study who did not have cataract at baseline and for whom there was complete information on weight, height, and other risk factors. For analyses concerning WHR, we excluded 3121 additional men for whom we did not have these measurements, assessed at the ninth year of follow-up. The main outcome measures were incident cataract and cataract surgery. Results: Among the 17 150 men for whom there were complete data, we confirmed an incident cataract in 1727 during an average of 14 y of follow-up. In proportional hazards regression models that adjusted for many known or suspected risk factors, higher BMI [rate ratio (RR) = 1.25 for ≥ 27.8 compared with < 22, P for trend = 0.03], height (RR = 1.23 for ≥ 184 cm compared with ≤ 170 cm, P for trend = 0.02), and WHR (RR = 1.31 for top compared with bottom quintile, P for trend = 0.003) were each independently associated with incident cataract. Conclusions: In addition to BMI, both height and abdominal adiposity are independent risk factors for cataract. These relations are biologically plausible and, if causal, suggest that prevention of obesity and beneficial lifestyle changes resulting in weight loss and reduction of central obesity would lessen the incidence and costs of cataract.
INTRODUCTION
Cataract accounts for nearly half of all blindness worldwide (1) . At the population level, the costs and consequences of cataract could be reduced greatly if the development of cataract could be delayed. Restriction of total energy consumption, resulting in lower body weight, delays the onset of cataract (2, 3) and prolongs the life span of rodents (3, 4) . In keeping with these data, most epidemiologic studies showed an increased risk of cataract with higher body weight (5) (6) (7) (8) , but 2 studies found an inverse relation (9, 10) .
Although most studies concentrated on body mass index (BMI; in kg/m 2 ), which appears to be a valid measure of body composition (11, 12) , other anthropometric measures may be relevant to health outcomes (13) . For example, height provides information on body size, whereas BMI dose not (13) . In addition, the waist-to-hip ratio (WHR) is more indicative than is BMI of intraabdominal (visceral) fat, which has important metabolic consequences (14) (15) (16) .
In an analysis based on the first 5 y of follow-up in the Physicians' Health Study (PHS), we showed that BMI was an independent risk factor for cataract (5) . The objective of the present study was to test whether alternative measures of body size and composition also predict risk of cataract and to reexamine the relation of BMI with cataract over a longer follow-up period.
adopted BMI cutoffs of 25-29.9 for overweight and of ≥ 30 for obesity, we also fitted a model using these categories (20) .
Along with the 9-y questionnaire, the participants were mailed a tape measure and instructions for measuring their waist and hip circumferences to the nearest quarter inch (Ϸ0.6 cm). Waist circumference was measured at the umbilicus, and hip was measured around the largest circumference between the waist and thighs while the subjects were standing and not wearing bulky clothing. We formed 5 groups based on quintiles of the distribution of WHR in the study population.
Physician self-reports of anthropometric measurements appear reliable (21, 22) . In a previous validation study, correlations of self-reported versus technician measurements were 0.97 for weight, 0.95 for waist, 0.88 for hip, and 0.69 for WHR (22) .
Annually, we asked each participant whether, during the previous year, he had had a cataract diagnosed in his right or left eye. We confirmed an incident cataract if the self-report was substantiated by review of medical records (23) as being age related, associated with a reduction in best-corrected visual acuity of 20/30 or worse as a result of the cataract, and diagnosed after baseline (5, 19, 23, 24) . Other researchers found few differences between risk factors for incident cataract and cataract progression (25) . We analyzed individuals because an independent examiner did not assess cataract in each eye. We considered a participant to have an incident cataract at the time cataract was confirmed in either eye.
For the present study, 1800 men were ineligible, leaving 20 271 for the analysis. Reasons for exclusion were prevalent cataract at baseline (n = 1103) and missing information (n = 697). In analyses of WHR we excluded 3121 additional men with missing (n = 3103) or implausible (n = 18) WHRs or BMIs at 96 mo. Waist or hip circumferences > 60 inches (152.4 cm) or < 15 inches (38.1 cm) were considered implausible.
We followed subjects from baseline until diagnosis of cataract, death, or December 1997, whichever came first. During 277 137 person-years, 2007 study participants developed a confirmed incident cataract; of these, 1764 had a nuclear component, 750 had a cortical component, and 828 had a posterior subcapsular component (> 1 subtype could be present simultaneously). Incident cataract surgery was confirmed in 1157 men.
We calculated Spearman correlations among the anthropometric variables and the prevalence of baseline characteristics adjusted for age in 5-y categories. To obtain rate ratios (RRs) and 95% CIs of cataract for each exposure, we used proportional hazards regression models (26) that adjusted for age and randomization assignments (aspirin compared with placebo and ␤-carotene compared with placebo). We extended these models to control for cigarette smoking status (never, past, current smoker of < 20 cigarettes/d, or current smoker of ≥ 20 cigarettes/d), daily alcohol intake (no or yes), multivitamin use (never, past, or current), and weekly vigorous exercise (no or yes). We also fitted models adjusting for pack-years of smoking, assessed on the 5-y questionnaire (27) , as well as alcohol consumption (≥ 2 drinks/d, 1 drink/d, 5-6 drinks/wk, 2-4 drinks/wk, 1 drink/wk, 1-3 drinks/mo, or rare or no consumption of alcohol), vitamin E use (never, past, or current), vitamin C use (never, past, or current), and mean daily servings of vegetables (sum of servings of broccoli, Brussels sprouts, carrots, spinach, dark-green lettuce, yellow squash, yams or sweet potatoes, and tomato juice or tomatoes), fruit (sum of servings of orange juice, cantaloupe, peaches, apricots, and nectarines), and cold breakfast cereal. High blood pressure, gout, and diabetes mellitus are direct effects of obesity, so we deliberately did not control for these factors in our primary analyses because we were interested in assessing the total effect of body weight. To assess possible effects of adiposity independent of these pathways, we also performed separate analyses adjusting for these factors, which were treated as time-varying covariates.
We initially tested relations of BMI and height with cataract. In addition to baseline values, we used time-varying exposure models to test the effect of the nearest past BMI measurement. We investigated whether relations of BMI and height with cataract were similar in the 17 150 men for whom we had a WHR measurement. If they were, we extended the models with BMI and height to include WHR. We repeated the analyses in the 16 226 participants who had complete information and remained free of cataract at the time of the WHR measurement. In this subset, 806 participants had an incident cataract confirmed during an average of 5.6 y of follow-up. We also tested the assumption of proportional hazards over time and found no violation of this assumption for any exposure (P ≥ 0.2 for each) (26) .
RESULTS
Means and SDs for the anthropometric variables are provided in Table 1 . Because of the large sample size, all correlations between the anthropometric variables were significantly different from zero (P < 0.05 for each), but the magnitude of the correlations varied considerably. For example, there were strong correlations between baseline weight and baseline BMI (r = 0.76) and between baseline BMI and BMI at 9 y. As expected, the correlation between BMI and WHR was less strong, and weak correlations were observed for BMI and height and for WHR and height. Correlations tended to be slightly higher for variables measured at the same time than for variables measured at more distant intervals.
Taller men were more likely to exercise and drink alcohol than were shorter men ( Table 2) . Heavier men were more likely to have diabetes and high blood pressure and to smoke cigarettes and less likely to use multivitamins or exercise than were lighter men. Higher BMIs were associated directly with high blood pressure, diabetes, and current smoking and were inversely associated with vigorous exercise, daily alcohol consumption, and use of multivitamin supplements. Higher WHRs were also related to high blood pressure and cigarette smoking status; however, in contrast with BMI, WHRs had a J-shaped relation with diabetes and were positively associated with alcohol consumption. Participants for whom we did not have WHRs were older; had higher BMIs and blood pressure; had higher rates of cigarette smoking, alcohol consumption, and multivitamin use; and had lower rates of exercise than did those with WHRs. However, after adjustment for these factors, the risk of cataract was not significantly different between men for whom we did and men for whom we did not have WHRs (RR: 0.96; 95% CI: 0.84, 1.09). The average numbers of servings of vegetables, fruit, and cereal were generally higher in men with lower BMI and WHR and in taller men.
When we adjusted for age and randomization assignments, we observed significant relations of baseline BMI and height with cataract. Estimated RRs for time-varying BMIs were somewhat stronger ( Table 3) . Both BMI and height continued to predict cataract in models that controlled simultaneously for these variables and other risk factors. Relations of BMI and height with cataract persisted in models that were also adjusted for diabetes, gout, and systolic blood pressure.
There was no substantive difference in the estimates for BMI and height in the subgroup for whom we had WHR measurements ( Table 4) . Men with higher WHRs were more likely to develop cataract than were men with lower WHRs (RR: 1.31; 95% CI: 1.10, 1.55 for top compared with bottom quintile, P for trend = 0.003). The effect of WHR was similar in models with baseline BMI (data not shown) or time-varying BMIs, suggesting that WHR was not merely capturing information about later BMIs. Estimates of WHR were also not different in models that adjusted for diabetes mellitus, gout, and systolic blood pressure (RR: 1.27; CI: 1.07, 1.51 for top compared with bottom quintile). None of the relations of BMI, height, or WHR with incident cataract was substantially attenuated after more rigorous adjustment for potential confounders. In a model that adjusted for age, age squared, randomized aspirin and ␤-carotene assignments, vigorous exercise at least weekly, pack-years of smoking, vitamins E and C and multivitamin use, 7 levels of alcohol consumption, and average daily intake of fruit, vegetables, and cold When we used recently adopted cutoff points for overweight and obesity (20) , the relation of BMI with cataract appeared stronger. Compared with men with BMIs < 22, the RR (with 95% CIs) of overweight men was 1.20 (1.03, 1.38) and of obese men was 1.40 (1.13, 1.74), and the estimates for height and WHR did not change substantially. In analyses restricted to 16 226 men who were free of cataract at 9 y, the relation of WHR with cataract was of a similar magnitude ( Table 5) .
As shown in Table 6 , there were significant relations of BMI with both nuclear (P for trend = 0.04) and posterior subcapsular (P for trend = 0.02) cataract. Taller stature was related to increased risk of nuclear cataract (P for trend = 0.02). WHR was related to both nuclear (P for trend = 0.007) and posterior subcapsular subtypes (P for trend = 0.01).
DISCUSSION
These data show that higher adult height and WHR are associated with a higher incidence of cataract, and these variables appear to capture additional information about risk that is not encompassed by BMI. Control for several potential confounders, as well as potential biological mediators such as diabetes mellitus, gout, and systolic blood pressure, had only a small effect on these relations.
Men with diseases at baseline that can affect body weight were excluded, reducing the potential for confounding by comorbid conditions (17) . Although men who developed diseases during follow-up were not excluded, there are few data to suggest any strong relations of chronic diseases with age-related cataract, other than diabetes and perhaps high blood pressure and gout, which are more likely to be intermediate variables than confounders. Control for these conditions did not provide an explanation of the relations of the anthropometric measures with cataract. Residual confounding by known risk factors for cataract is possible in every epidemiologic study. In the present study, although we controlled for several dietary items, we were not able to control for some specific nutrients, such as lutein and zeaxanthin, that were related to cataract in some previous studies (28) (29) (30) . Because men with higher BMIs and WHRs on average consumed fewer daily servings of fruit, vegetables, and cereal, it is possible that the increased risk of cataract we observed in these men may have been due to diets that were relatively deficient in important micronutrients.
Because we relied on the physicians to self-report their diagnoses of cataract, a remaining concern is the possibility that men with higher WHRs had more frequent health visits than did men with lower WHRs and therefore earlier detection of their cataracts. Although we did not have information on the frequency of eye examinations in the present study, data from a parallel cohort of women show that heavier individuals tend to have less frequent eye examinations than do lighter individuals (DA Schaumberg, unpublished observations, 1999) . If this were also true of men, we may have underestimated some associations. To minimize this potential bias, we used a visual-acuity criterion for our definition of cataract and, accordingly, some lens opacities were not included as cataract. Underdetection of lens opacities does not bias the results of a follow-up study, however, as long as the specificity of the endpoint is high. Still, although the numbers of cortical and posterior subcapsular opacities were similar, underdetection of cortical opacities (which often begin peripherally, where they have little or no effect on visual acuity) would have limited our power to detect more modest associations with this type of opacity. BMI is strongly correlated with fat mass (12) , making it a useful measure of overall obesity. In our data, after adjustment for potentially confounding variables, obese men had an elevated risk of cataract. Data from 3 previous prospective studies are consistent with this observation (5-7). In another prospective study, although BMI was not related to cataract surgery (31) , it was associated with increased risk of posterior subcapsular cataract in subjects without diabetes (25) . 1 Estimates are based on the 17 150 participants for whom we had information on WHR and were obtained from proportional hazards regression models adjusted for age (y), age squared, randomized aspirin (aspirin compared with placebo) and ␤-carotene (␤-carotene compared with placebo) assignments, cigarette smoking status (never, past, current smoker of < 20 cigarettes/d, or current smoker of ≥ 20 cigarettes/d), daily alcohol consumption (no or yes), vigorous exercise at least weekly (no or yes), and multivitamin use (none, past, or current). Height and nearest past BMI were included in the models simultaneously.
2 Further adjusted for WHR. 3 Measured at baseline and then yearly beginning at the eighth year of follow-up. 1 Excludes men for whom we had no information on WHR or BMI at 8 y and those who had developed cataract before the WHR measurement. 2 Variables adjusted for included age (y), age squared, and randomized aspirin (aspirin compared with placebo) and ␤-carotene (␤-carotene compared with placebo) assignments.
3 Adjusted for the variables in model 1 plus cigarette smoking status (never, past, current smoker of < 20 cigarettes/d, or current smoker of ≥ 20 cigarettes/d), daily alcohol consumption (no or yes), vigorous exercise at least weekly (no or yes), and multivitamin use (none, past, or current). 4 Adjusted for the variables in model 2 plus the nearest past BMI (in kg/m
We observed a direct relation of adult height and risk of cataract, particularly nuclear cataract. In agreement with our findings, one cross-sectional study also showed an increased risk of nuclear cataract in taller men (32) . Although 2 other crosssectional studies showed inverse relations of height with cataract (33, 34) , confounding by socioeconomic status was a concern. Confounding by socioeconomic factors is unlikely to explain our finding because all the subjects were US physicians, a relatively homogeneous socioeconomic group. Adult height is directly associated with other age-related diseases, particularly cancer (35) . Both nuclear and cortical cataracts have been shown to aggregate in families, suggesting the possibility of genetic susceptibility (36) . A direct association between height and cataract might be explained by a genetic predisposition to both taller height attainment and cataract. It is also possible that other exposures both in utero and during early development may influence adult height and the subsequent risk of cataract.
WHR is a valid measure of abdominal fat, albeit an imperfect proxy for visceral fat (11) . Men with higher WHRs had a consistently higher risk of cataract in the present study. The only other study that we are aware of (37) showed a significant association between higher WHRs and increased risk of cataract, but the authors had not adjusted for BMI, so the results reflect overall as well as abdominal adiposity. Nevertheless, these authors' results are consistent with those of the present study, suggesting that higher WHRs may be a risk factor for cataract.
There are plausible biological pathways through which abdominal adiposity might cause earlier development of cataract. Obesity is a risk factor for increased serum uric acid concentrations and gout, factors related to increased risk of cataract (9, 38, 39) . Overweight individuals also have higher amounts of systemic inflammation (40, 41) , which may also be a risk factor for cataract (40) . Last, abdominal adiposity is a strong risk factor for glucose intolerance and insulin resistance, conditions closely related to development of type 2 diabetes and high blood pressure. Diabetes causes earlier cataract formation, possibly through several pathways (42) (43) (44) (45) (46) , and at least some laboratory (47, 48) and epidemiologic (8, 10, (49) (50) (51) (52) (53) (54) studies suggested a relation of blood pressure with cataract. However, the present study showed higher risks of cataract in obese men and men with abdominal adiposity, even after diabetes and systolic blood pressure were controlled for, suggesting that the relations, if causal, may not be mediated through these pathways. On the other hand, there is evidence from other studies that both glucose intolerance (55) and insulin resistance (56, 57) are related to increased risk of cataract, even in the absence of diabetes. We did not have information on these factors in our study population, however, so we were not able to assess their possible role in mediating the relations of BMI and WHR with cataract.
This prospective study showed that greater adult heights and a pattern of abdominal adiposity were independent risk factors for cataract in men. If indicative of causal relations, these data imply that beneficial lifestyle changes to reduce body weight and central adiposity, which clearly have other health benefits as well, would also help to lessen the incidence and associated costs of cataract, the leading cause of blindness throughout the world. 
